.013 kg, -.lo4 k .011 kg, -.035 k .015 points, and -.47 f .120!0, respectively, per generation in response to the selection. The nonsignificant difference in lean gain per day between the two lines was due to the lower percentage of lean in the carcasses of the select line, which canceled the increased growth rate of the select line.
Introduction
Selection for increased growth has been effective in pigs (Craig et al., 1956; Rahnefeld and Garnett, 1976; Fredeen and Mikami, 1986s; Kuhlers and Jungst, 1990; 1991a,b) . In addition to observation of the direct response of the trait under selection, the magnitude and direction of correlated responses to selection for a trait are of importance. This allows breeders to design effectively selection programs that take into considera-J. Anim. Sci. 1992 Sci. . 70: 2707 Sci. -2713 tion all possible changes in traits of economic importance to the breeding program. Two general categories of correlated traits that are of economic importance to pig breeders are reproductive and carcass traits. Correlated responses in reproductive and carcass traits in pigs have been studied previously for selection for average daily gain from 42 d to 90 kg Rahnefeld et al., 1983; Fredeen and Mikami, 1986b,c) and for selection for 70-d weight (Kuhlers and Jungst, 1992) . In mice, it has been proposed that selection for growth rate to a fixed age will result in leaner animals a t the age of selection (Roberts, 1979) . At ages beyond the age at which selection occurred, fat deposition would increase. However, there is no known information on the correlated responses to selection for heavier weight at a n age corresponding to BW of 2 100 kg.
Therefore, the objective of this study was to estimate the correlated responses in reproductive 2707 traits and carcass traits a t 100 kg during six generations of mass selection for increased 200-d weight in a line of Duroc pigs.
Materials and Methods
Source of Data. The experiment was conducted at the swine breeding unit of Auburn University from 1982 to 1988. The foundation animals for the study were offspring from a recent introduction of purebred Duroc pigs purchased in the fall of 1979 (Kuhlers and Jungst, 1991a) . Subsequent to this introduction, the population was closed to outside introductions and used in a study to estimate the heritabilities of growth and backfat thickness a t two different testing weights (Kuhlers and Jungst, 1983 ).
The base generation (Generation 0) of pigs was farrowed in 1982. From the base population and in each subsequent generation, five boar pigs, one from each sire line, were randomly selected at weaning to sire the next generation of control-line pigs. Likewise, in each generation, a gilt from each control-line litter was randomly selected at weaning to produce the next generation of control-line pigs. In the select line, 9 boars and 18 gilts along with 9 alternate gilts with the heaviest 200-d weight (adjusted for age) were selected from a single contemporary group each generation, without regard to the pedigree of the individual, to produce the next generation of select-line pigs. In the succeeding generations, all replacement boars and gilts were selected from their respective lines, and no matings were made across lines. In Generations 4 and 5, because of not having a sufficient number of control-line gilts survive to 200 d, control-line sows from Generations 3 and 4 were retained to farrow pigs for the following generation. Data for the second-parity sows were deleted in the analyses of the correlated responses in reproductive traits. In addition, no parity adjustments to the carcass data of the pigs from the second-parity sows were made because of the small amount of data available.
For each generation in each line, matings were made to minimize the rate of increase of inbreeding. Generation interval in the select line, however, was 13 mo because sows farrowed only one litter and boars were retained for use for only one 6-wk breeding period. At the end of six generations of selection, difference in 200-d weight between the select (104.6 kg) and control line (90 kg) was 14.6 kg (Kuhlers and Jungst, 1991a) . Inbreeding levels for the pigs were .213 f .002 and 202 f .003 in the select and control lines, respectively (Kuhlers and Jungst, 1991a 18, 36 , and 100 kg, respectively. Barrows were slaughtered at the Auburn University Meat Science Laboratory. After chilling for 24 h at 2OC, the following carcass data were collected: carcass length, average midline backfat thickness (average of first rib, last rib, and last lumbar vertebra measurements), backfat thickness at the loth rib at a point three-fourths of the distance down the longissimus muscle toward the belly, longissimus muscle area at the loth rib, subjective marbling and color scores of the longissimus muscle (scale of 1 to 5, where 1 was devoid of marbling or pale color), weight of the closely trimmed ham, loin, and shoulder, and specific gravity of the right side of the carcass. Percentage of muscle and rate of lean growth were estimated using the following equations reported by the NPPC (1988) .00063(longissimus area, square centimeters) -.016069(lOth rib backfat thickness, centimeters) -.00145(age in days). Days to 100 kg for the barrows slaughtered were adjusted by using the following equation reported by NSIF (1987) : adjusted days to
Statistical Analyses. Litter size and litter weight traits were analyzed with a model that included the effects of generation-line (GL) and sire of the litter/GL. These traits were considered as traits of the sow and were measured on gilts that were farrowed and selected from Generations 0 through 5. A total of 189 litters was farrowed (Table 1) . The carcass traits were analyzed with a model that included the effects of GL, sire/GL, dam/sire/GL, and a continuous variable, hot carcass weight (Harvey, 1987) . Preliminary analyses using the same model and the individual within selection line regression of the trait on hot carcass weight did not indicate that the regression coefficients were heterogenous, Therefore, the regression coef- ficients were pooled across lines in the final analyses. A total of 101 carcasses were studied (Table 1) .
Cumulative selection differentials were calculated by deviating the 200-d weight of each selected boar and gilt from its GL-sex subclass and adding it to the average cumulative selection differential of the individual's parents. Individual cumulative selection differentials were weighted by the number of progeny alive at 200 d. These individual weighted cumulative selection differentials (WCSD) were averaged to provide a single value for each GL-sex subclass.
Realized correlated responses for the litter size and litter weight traits were evaluated by the method of Richardson et al. (1008) . This method assumes that selection responses are linear and the select and control lines react similarly to the generation environmental effects. This procedure, however, ignores genetic drift in the calculation of standard errors. Generation means for the litter sizes and litter weights from both lines were fitted to a model that included fixed effects of contemporary group (generations) and population along with a linear covariate of the trait on generation of selection or on WCSD. A separate population effect was included in the model for the reproductive traits because gilts from the select line were the heaviest gilts from the line and not a random sample of the select-line gilts. Gilts from the control line were assumed to be from a different population than gilts from the select line because they were randomly selected from their line and were not the heaviest gilts from the line, as was the case for the select-line gilts. For the traits measured on the carcass barrows, the model did not include the fixed population effect because the barrows used in obtaining the carcass data were randomly selected from both of the lines. Because realized estimates of the heritabilities for the correlated traits were not available, the standard errors for the least squares means and regression coefficients did not account for genetic drift and are probably biased downward.
Coheritabilities between 200-d weight and the correlated traits were calculated by multiplication of the regression coefficients of correlated (Yamada, 1968) . Standard errors of these coheritabilities have not considered genetic drift variance, because realized heritabilities for the correlated traits were not available.
Results and Discussion
Total WCSD for 200-d weight was 81.7 kg. This corresponds to a standardized WCSD of 5.10 phenotypic standard deviations. Realized heritability was .18 k .08, and the change per generation was estimated to be 2.5 f. 1.2 kg (Kuhlers and Jungst, 1991a) .
The GL means for the litter size and litter weight traits are given in Table 2 . None of the differences between the select and control lines for any of the traits was consistently positive or negative across generations. Only the regression coefficients for litter size born on generation and WCSD were different from zero (P < .lo; Table 3 ). Garnett and Rahnefeld (19761, who also did not detect differences in litter size postweaning, but differ from those of the selection study for growth reported by Fredeen and Mikami (1986b1, who noted that litter size born alive had statistically significant negative phenotypic trends over years. However, Fredeen and Mikami (1986b) also observed a statistically significant negative phenotypic trends over years for litter weight at birth, which was not observed in the present study. Least squares means for age at 100 kg in the pigs slaughtered for carcass evaluation and for the carcass traits are presented in Tables 4, 5, 6, and 7. Pigs in the select line required fewer days to reach 100 kg than did pigs from the control line for TO GROWTH SELECTION 271 1 each generation after the first. Differences between the two lines for each generation were consistent for average and loth rib backfat thickness (greater for the select line), specific gravity, ham and shoulder weight Uess for the select line), belly weight (greater for the select line), color score (lower in the select line), and percentage of muscle (lower in the select line). The regression coefficients of days to 100 kg were -2.8 k .9 d per generation and -.22 k .07 d per kilogram of WCSD, respectively (P < .05; Table 8 ). The coheritability between 200-d weight and age at 100 kg was -.17 f .05, very similar to the realized heritability for 200-d weight of .18 f .08. This was also very close to the coheritability of -.14 f .04 between 70-d weight and age at 100 kg found by Kuhlers and Jungst (1992) . Eight carcass traits showed significant changes between the lines per generation and per kilogram of WCSD (Table 8) . These eight carcass traits were average backfat thickness, loth rib backfat thickness, specific gravity, ham weight, shoulder weight, belly weight, color score, and percentage of muscle. The results of the present study do not agree with the work of Fredeen and Mikami 11986~1, who noted that predicted lean yield increased in pigs selected for growth for nine generations. In the present study, percentage of lean decreased in the -.00086 f .00024, -.165 f .013 kg, -.lo4 f .O11 kg, selected line and lean growth per day did not change, even though the pigs grew faster. The poorer carcass composition canceled the effects of the increased growth so that lean growth per day did not differ significantly between the select and control lines. The results from the present study also differ from those of Rahnefeld et al. (19831, who, in their selection study for average daily gain from 42 d to 90 kg, noted that backfat thickness did not change but that longissimus muscle area decreased. We found that backfat thickness increased, whereas longissimus muscle area did not change significantly, as a result of the 200-d weight selection. The results from the line selected for 200-d weight also differ from those a t the same station from a line that had been selected for increased 70-d weight. In a Landrace line selected for increased 70-d weight, percentage of muscle did not change, but because of the decreased days to 200 kg, lean gain per day did increase significantly.
Implications
Single-trait selection for 200-d weight in Duroc pigs will result in pigs that grow more rapidly. However, this trait cannot be recommended as the only trait on which to base selection for improving lean growth because carcass composition will deteriorate. Selection for increased 200-d weight has little lasting effect on reproductive and maternal traits. A selection program should include 200-d weight or another measure of growth such as days to 100 kg or postweaning average daily gain, and backfat thickness adjusted to a constant weight. Litter size should be monitored and a litter size and litter weight trait could be included in the selection index to counteract undesirable changes in the reproductive and maternal traits.
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